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httpABSTRACT
Background: Environmental exposures across the life course may be a contributor to the
increased worldwide prevalence of respiratory and allergic diseases occurring in the last decades.
Asthma and rhinoconjunctivitis especially contribute to the global burden of disease. Greenness
has been suggested to have beneﬁcial effects in terms of reduction of occurrence of allergic
respiratory diseases. However, the available evidence of a relationship between urban greenness
and childhood health outcomes is not yet conclusive. The current review aimed at investigating the
current state of evidence, exploring the relationship between children's exposure to residential
urban greenness and development of allergic respiratory diseases, jointly considering health
outcomes and study design.
Methods: The search strategy was designed to identify studies linking urban greenness exposure
to asthma, rhinoconjunctivitis, and lung function in children and adolescents. This was a narrative
review of literature following PRISMA guidelines performed using electronic search in databases of
PubMed and Embase (Ovid) from the date of inception to December 2018.
Results: Our search strategy identiﬁed 2315 articles; after exclusion of duplicates (n ¼ 701), 1614
articles were screened. Following review of titles and abstracts, 162 articles were identiﬁed as
potentially eligible. Of these, 148 were excluded following full-text evaluation, and 14 were
included in this review. Different methods for assessing greenness exposure were found; the most
used was Normalized Difference Vegetation Index. Asthma, wheezing, bronchitis, rhino-
conjunctivitis, allergic symptoms, lung function, and allergic sensitization were the outcomes
assessed in the identiﬁed studies; among them, asthma was the one most frequently investigated.
Conclusions: The present review showed inconsistencies in the results mainly due to differences
in study design, population, exposure assessment, geographic region, and ascertainment of
outcome. Overall, there is a suggestion of an association between urban greenness in early life
and the occurrence of allergic respiratory diseases during childhood, although the evidence is
still inconsistent. It is therefore hard to draw a conclusive interpretation, so that the understanding
of the impact of greenness on allergic respiratory diseases in children and adolescents remains
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Environmental exposures across the life course
may be a contributor to the increased worldwide
prevalence of respiratory and allergic diseases
occurring in the last decades.1,2 Asthma and
rhinoconjunctivitis especially contribute to the
global burden of disease, with prevalence data in
childhood ranging from <5 to >20% and from 0.8
to 39.7%, respectively.3–6
It has been recently suggested that access or
exposure to green spaces can signiﬁcantly inﬂu-
ence human health through many different path-
ways which may promote health, sustain healthy
lifestyle, and decrease environmental factors such
as air pollution, thereby contributing to reduce the
risk of adverse health outcomes.7–9 In this view,
people living in urban contexts may beneﬁt from
proper planning of green areas, which could
mitigate the negative effects of urbanization
especially recognizable in children.10 Greenness
has been suggested to have beneﬁcial effects in
terms of reduction of occurrence of allergic
respiratory diseases, and the underlying biological
mechanisms are not yet clear. Green areas are
generally characterized by biological diversity,
which encompasses the variety of species
(animals, plants, and microorganisms) as well as
the variety of ecosystems in which the species
reside. There is evidence that many observed
associations between exposure to green
environments and human health are mediated by
different ecosystem services. One of the potential
mechanisms involves the well-known hygiene hy-
pothesis, since early-life exposure to biodiverse
green spaces may indirectly (e.g. modulation of the
immune system by environmental microbiota) in-
ﬂuence health outcomes, including allergies and
asthma during childhood.11,12 Greenness could
also have potential short-term beneﬁts on respira-
tory outcomes, for example vegetation may
improve air quality by removing air pollutants.13
The health effects of green spaces are a relatively
new research topic in environmental
epidemiology. Available evidence of a relationship
between urban greenness and childhood health
outcomes is not yet conclusive. Indeed, published
reviews on the association between exposure to
urban greenness and health in youth reported so
far are still inadequate, with insufﬁcient quality ofstudies, lack of consistency and/or lack of
statistical power precluding a conclusion
regarding the presence or absence of a
relationship with respiratory health.13–16 In
particular, a recent systematic review assessing the
association between surrounding greenspace and
allergic respiratory diseases in children and
adolescents found inconsistent results.17 In order
to summarize the state of knowledge and identify
information gaps, we aimed to review the current
state of evidence exploring the relationship
between children's exposure to residential urban
greenness and development of allergic respiratory
diseases, jointly considering health outcomes and
study design.
METHODS
Search strategy
The search strategy was designed to identify
studies linking residential urban greenness expo-
sure to asthma, allergic rhinoconjunctivitis, and
lung function in children and adolescents. This was
a narrative review of literature following PRISMA
guidelines performed using electronic searches in
databases of PubMed and Embase (Ovid) from the
date of inception to December 2018. No date
limits were applied to the search strategy. Two
reviewers (FA and MDS) searched the electronic
databases. Studies identiﬁed from searching
electronic databases were combined, duplicates
removed, and papers screened for relevance to
the review based on the information contained in
the title and abstract. Further articles were found
using citations from the publications included.
Searching in the databases was made using a
search strategy reported in Supplementary
material.
Inclusion criteria
Studies were evaluated by two reviewers (GC
and GF) and included if (1) age of the participants
was up to 18 years; (2) urban greenness was the
main exposure variable or effect modiﬁer of
another environmental exposure; (3) outcomes of
interest were asthma, rhinoconjunctivitis, respira-
tory diseases and symptoms, lung function, al-
lergy; (4) primary evidence from both experimental
and observational epidemiological study design
were considered; (5) articles were in English
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abstracts (e.g. conference proceedings) and re-
views were excluded.Fig. 2 Word cloud of the most common title words.Study identiﬁcation and data collection
The full text of references identiﬁed as poten-
tially relevant were obtained: papers that could not
be rejected with certainty were assessed through
discussion and consensus between reviewers (GC
and GF). Data extracted from each article
included: authors, year of publication, country,
sample size, study design, exposure metric, age at
outcome, outcome deﬁnition and ascertainment,
and adjustment factors.
Word cloud from title of selected articles was
produced using the statistical software R (3.5). All
words were transformed to lower case; plural were
transformed to singular. Common words (e.g.
prepositions, transition words) and numbers were
removed. The size of the words was scaledSc
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Author (year) Country Sample size Study design Exposuremetric
Age at
outcome Ascertainment
Adjustment
factors Result
Protective effect
Lovasi et al.
(2008)
USA 5857 asthmatic
children aged
4–5 years; 9891
children and
adolescents
aged 0–14
hospitalized for
asthma
Cross-sectional
study
Street tree
density
0–15
years
Disease registry Population
density,
demographic
and
socioeconomic
characteristics
(percentages of
residents below
the poverty line,
of African
American
residents and of
Latino
residents) and
proximity to
pollution
sources
An increase in
tree density of 1
standard
deviation (SD,
343 trees/km2)
was associated
with a lower
prevalence of
asthma (RR, 0.71
per SD of tree
density; 95% CI,
0.64 to 0.79).
Feng et al.
(2017)
Australia 4447 children Cross-sectional
study
Green-space
land-cover
6–7 years Parental face-
to-face
interviews
Age, gender,
maternal
education,
household
income,
geographic
remoteness,
area
disadvantage
and green
space quantity
The association
between heavy
trafﬁc and
asthma was
signiﬁcantly
lower for
participants
living in areas
with over 40%
green space
coverage (OR for
interaction 0.32,
95% CI 0.12 to
0.84).
Sbihi (2017) Canada 65254 children Birth cohort
study
NDVI 0–10
years
Disease registry Sex, parity,
breastfeeding
initiation, birth
weight, delivery
mode, maternal
smoking and
educational
attainment, and
Prenatal
residential
greenness
exposure
showed a
modest effect on
children with
transient
phenotypes (RRR
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household
income
0.88, 95% CI
0.88–1).
Eldeirawi et al.
(2018)
USA 1915 children
and
adolescents
Cross-sectional
study
NDVI 4–18
years
Questionnaire/
telephone
interview
Age, gender,
country of birth,
place child was
born or lived
during 1st year
of life, family
history of
asthma or
allergies,
number of
siblings, child
attended pre-
school or day-
care, access to
a regular doctor
or clinic, child
had an ear
infection during
1st year of life,
child had a viral
infection during
1st year of life;
child took
antibiotics
during 1st year
of life; child
ever breast-fed;
current
exposure to
cats and/or
dogs; smoker
present in the
home at the
time of child's
birth; current
smoker in the
home; and
proximity to
trafﬁc,
population
density,
neighborhood
A protective
effect of
greenness
exposure within
100 m from
residential
address was
observed for
lifetime wheezing
(OR, 0.82; 95%
CI, 0.69–0.96).
Increased
greenness was
associated with
lower odds of
lifetime asthma
among children
with current
Environmental
Tobacco Smoke
exposure (100 m:
OR, 0.43; 95% CI,
0.22–0.87;
250 m: OR, 0.39;
95% CI, 0.18–
0.84; 500 m: OR,
0.48; 95% CI,
0.26–0.90).
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Author (year) Country Sample size Study design Exposuremetric
Age at
outcome Ascertainment
Adjustment
factors Result
deprivation,
percentage of
residents who
identify as
Mexican, and
number of total
crimes reported
in 2004.
Harmful effect
Lovasi et al.
(2013)
USA 549 children Birth cohort
study (CCCEH)
LiDAR
imagery
5 and 7
years
Questionnaire
and IgE
antibody
response to
speciﬁc
allergens
Sex, age at the
time of
outcome
measurement,
ethnicity,
maternal
asthma,
previous birth,
other previous
pregnancy,
Medicaid
enrollment,
tobacco smoke
in the home,
active maternal
smoking, and
the following
characteristics
of 0.25-km
buffers:
population
density, percent
poverty,
percent park
land, and
estimated trafﬁc
volume
Tree canopy
coverage did not
signiﬁcantly
predict outcomes
at 5 years of age.
Davdand et al.
(2014)
Spain 3178 children Cross-sectional
study
NDVI and
Residential
proximity to
green spaces
9–12
years
Questionnaire Indicators of
individual level
socioeconomic
status, area-
level SES using
Living close to
parks was
associated with a
60% higher
relative
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quintiles of the
Urban
Vulnerability
index, Sex, age,
exposure to
tobacco smoke
at home, older
siblings, type of
school (public
vs. private),
parental
education, and
parental history
of asthma.
prevalence of
current asthma.
Andrusaityte
et al. (2016)
Lithuania 1489 children Case-control
study
NDVI and
Residential
proximity to
green spaces
4–6 years Questionnaire Parental
asthma,
maternal
education, age
at childbirth,
smoking during
pregnancy,
breastfeeding,
antibiotic use
during the ﬁrst
year of life,
keeping a cat
during the past
12 months,
living in a ﬂat,
time spent in
green space,
PM2.5 and NO2.
An interquartile
range increase in
NDVI-100 m
increased the risk
of asthma (OR
1.43, 95% CI 1.10
to 1.85) with
stronger
associations for
children with
higher
surrounding
greenness (NDVI-
100 > median),
compared to
NDVI-
100  median
(OR 1.47, 95% CI
0.56 to 3.87).
Feng et al.
(2017)
Australia 4447 children Cross-sectional
study
Green-space
land-cover
6–7 years Parental face-
to-face
interviews
Age, gender,
maternal
education,
household
income,
geographic
remoteness,
area
disadvantage
and green
space quantity
Among children
exposed to high
trafﬁc volumes
and areas with 0–
20% green space
quantity, the OR
of asthma was
1.87 (95% CI 1.37
to 2.55).
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Author (year) Country Sample size Study design Exposuremetric
Age at
outcome Ascertainment
Adjustment
factors Result
Tischer et al.
(2017)
Spain 2472 children Birth cohort
study (INMA)
NDVI/Green-
space land-
cover
4 years Questionnaire Sex, cohort,
maternal
education,
maternal
smoking during
pregnancy, any
breastfeeding,
season of birth,
maternal
allergy, pets at
home at birth,
passive
smoking at
home at 4
years, area SES
and time.
In the Euro-
Siberian region,
higher residential
surrounding
greenness was
associated with
increased risk of
asthma (2nd
tertile vs 1st
tertile: OR 2.46,
95% CI 1.01–
6.00).
No effect
Lovasi et al.
(2008)
USA 5857 asthmatic
children aged
4–5 years; 9891
children and
adolescents
aged 0–14
hospitalized for
asthma
Cross-sectional
study
Street tree
density
0–15
years
Disease registry Population
density,
demographic
and
socioeconomic
characteristics
(percentages of
residents below
the poverty line,
of African
American
residents and of
Latino
residents) and
proximity to
pollution
sources
An increase in
tree density of 1
standard
deviation (SD,
343 trees/km2)
was not
associated with
hospitalizations
for asthma (RR,
0.89 per SD of
tree density; 95%
CI, 0.75 to 1.06).
Lovasi et al.
(2013)
USA 549 children Birth cohort
study (CCCEH)
LiDAR
imagery
5 and 7
years
Questionnaire
and IgE
antibody
response to
speciﬁc
allergens
Sex, age at the
time of
outcome
measurement,
ethnicity,
maternal
asthma,
Tree canopy
coverage did not
signiﬁcantly
predict outcomes
at 5 years of age.
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previous birth,
other previous
pregnancy,
Medicaid
enrollment,
tobacco smoke
in the home,
active maternal
smoking, and
the following
characteristics
of 0.25-km
buffers:
population
density, percent
poverty,
percent park
land, and
estimated trafﬁc
volume
Davdand et al.
(2014)
Spain 3178 children Cross-sectional
study
NDVI and
Residential
proximity to
green spaces
9–12
years
Questionnaire indicators of
individual level
socioeconomic
status, area-
level SES using
quintiles of the
Urban
Vulnerability
index, Sex, age,
exposure to
tobacco smoke
at home, older
siblings, type of
school (public
vs. private),
parental
education, and
parental history
of asthma.
An interquartile
range increase in
residential
surrounding
greenness was
not associated
with current
asthma.
Residential
proximity to
forests was not
associated with
current asthma.
Feng et al.
(2017)
Australia 4447 children Cross-sectional
study
Green-space
land-cover
6–7 years Parental face-
to-face
interviews
Age, gender,
maternal
education,
household
No association
between asthma
and green space
coverage was
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Author (year) Country Sample size Study design Exposuremetric
Age at
outcome Ascertainment
Adjustment
factors Result
income,
geographic
remoteness,
area
disadvantage
and green
space quantity
observed for
children not
exposed to heavy
trafﬁc.
Sbihi (2017) Canada 65254 children Birth cohort
study
NDVI 0–10
years
Disease registry Sex, parity,
breastfeeding
initiation, birth
weight, delivery
mode, maternal
smoking and
educational
attainment, and
household
income
No associations
of prenatal
residential
greenness
exposure on
children with
chronic asthma.
Tischer et al.
(2018)
Spain,
Germany,
Sweden
15646 children Birth cohort
study (INMA;
LISAplus;
GINIplus;
BAMSE)
NDVI plus
green-space
land-cover
1 and 6–
8 years
Questionnaire Sex, cohort,
maternal
allergy,
maternal
smoking during
pregnancy,
maternal
education,
breastfeeding,
dampness at
home 1st year,
exposure to
passive smoke
1st year, and
environmental
dimensions
No signiﬁcant
associations with
the “outdoor-
green
environmental
score”.
Table 1. (Continued) Effects of greenness exposure on asthma. CI: conﬁdence interval; LiDAR: Light Detection and Ranging; NDVI: Normalized Difference Vegetation Index; OR: odds ratio; RR: relative
risk; RRR: relative risk ratios.
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Volume 13, No. 1, Month 2020 11visualization of network maps. To produce network
maps of exposure metrics and the health out-
comes, nodes and their attributes were imported
directly into Gephi from the associated spread-
sheet, while edges were imported from another
spreadsheet using line by line "co-occurrences" of
the exposure metrics and the health outcomes
thus representing interrelationships between
nodes.RESULTS
Our search strategy identiﬁed 2315 articles; af-
ter exclusion of duplicates (n ¼ 701), 1614 articles
were screened. Following review of titles and ab-
stracts, 162 articles were identiﬁed as potentially
eligible. Of these, 148 were excluded following
full-text evaluation (18 were abstracts, 13 were
performed on adults, 1 included both children and
adults, 7 were not in English, 108 focused on other
different outcomes and/or did not use an objective
validated indicator of greenness exposure and 1
was a review article), and 14 were included in this
review (Fig. 1). The title word cloud (Fig. 2) showed
clear overrepresentation of asthma over other
disease terms; greenness was the second term
more frequently used.
All the papers included were published in the
last 10 years. Six studies were performed on birth
cohorts;18–23 6 had a cross-sectional design;18,24–
28 1 was an intervention study;29 and 1 was a
case-control study.30 Twelve studies involved
children of age 12 years,19–27,29–31 and only
two included children and adolescents.18,28
Most of the studies were conducted in
Europe,19,23,24,27,30 2 in Australia,21,25,26,28 4 in
North America,18,31 1 in Asia,29 and 1 based on
data from Swedish, Dutch, German, Australian,
and Canadian birth cohorts.20
Exposure assessment
There were 5 different methods for assessing
greenness exposure. The Normalized Difference
Vegetation Index (NDVI), used by 10 articles19–
24,26–28,30, is a validated tool assessing
vegetation cover in order to quantify the
amount of vegetation derived from publicly
available satellite images. NDVI is based on land
surface reﬂectance, ranging from 0 to 1, where
0 means no vegetation and values close to 1(0.8–0.9) indicate the highest possible density of
green leaves.32 Two of these studies also
evaluated residential proximity to green spaces,
whether the child's residential address was
located within 300 m separately from an urban
park or a forest24 or within 1000 m from a park,
having a green space within a 15 minute walk
from home.30 One study evaluated the quantity
of green space available as a percentage of
land-use through speciﬁc land cover data-
bases.25 One study used both NDVI and green-
space land-cover,22 whereas another used NDVI
and green land use to construct a composite
score.23 One article applied a combination of
high-resolution Light Detection and Ranging
(LiDAR), color infrared aerial imagery and ancil-
lary vector data to assess the proportions of tree
canopy cover around the home.31 One study
used the street trees count considering street
tree density as the total number of trees divided
by land area.18 Lastly, the single intervention
study examined changes after a short-term for-
est trip.29Outcome assessment
Asthma, wheezing, bronchitis, rhinoconjunctivi-
tis, allergic symptoms, lung function, and allergic
sensitization were the outcomes assessed in the
identiﬁed studies. Among them, asthma was
included in 9 studies,18,21–25,28,30,31 generally
using data from questionnaires and/or parental
interviews. Table 1 summarizes evidences related
to effects of greenness exposure (protective/
harmful/no) on asthma. One study considered
local data of asthma prevalence and related
hospitalizations,18 whereas Sbihi et al. used
linked administrative databases of medical
visits.21 Two studies also included the atopic
status as evaluated through Immunoglobulin E
(IgE) antibody response to speciﬁc allergens,23,31
4 studies also included wheezing,22,23,28,31 and
2 of them also included bronchitis.22,23 Two
studies focused on lung function measured
through spirometry29 and forced oscillation
technique (FOT).26 Allergic rhinoconjunctivitis
was included in 6 studies,19,20,22–24,31 mostly
using data from questionnaires. Lastly, 1 study
referred to self-reported allergic symptoms by
questionnaire.27
12 Ferrante et al. World Allergy Organization Journal (2020) 13:100096
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Birth cohort studies
The CCCEH birth cohort investigated a popu-
lation of 459 children. Analysis based on the per-
centage of green spaces in the form of tree canopy
cover around the home as measured by LiDAR
related to development of asthma, wheeze,
rhinitis, and allergic sensitization. Proportions of
children with asthma, wheeze, or rhinitis did not
appear to be related to quartiles of tree canopy
coverage near the prenatal address. The authors
found that for unit increase of tree canopy
coverage the risk of asthma at 7 years increased by
17%, whereas tree canopy coverage did not
signiﬁcantly predict asthma at 5 years of age, nor
wheeze at 5 or 7 years. Associations with rhinitis
were not signiﬁcant due to the low prevalence of
this outcome. Moreover, tree canopy cover near
the prenatal address was associated with higher
prevalence of allergic sensitization to tree
pollen.31
In the study by Fuertes et al., the pooled GINI-
plus and LISAplus birth cohorts were split accord-
ing to study region with GINI/LISA South and its
surrounding areas and GINI/LISA North. Green-
space was determined by NDVI at 500, 800, 1000Fig. 3 Interrelations between the exposure metrics and the health
exposure metrics and health outcomes in the fourteen studies includeand 3000 m buffers around the birth, 6- and 10-
year participant addresses. The authors found
that risk estimates for mean greenness in a 500 m
buffer around the 10-year home address were
elevated for doctor diagnosed allergic rhinitis in
GINI/LISA South (OR 1.16, 95% CI 0.99–1.36),
whereas estimates for GINI/LISA North were
signiﬁcantly lower (OR 0.75, 95% CI 0.60–0.93).19
Later, Fuertes et al. reported cohort-speciﬁc and
combined associations of residential greenness
measured by NDVI in a 500-m buffer around the
home address of 13016 children with allergic
rhinitis from multiple birth cohorts. Greenness was
positively associated with allergic rhinitis in BAMSE
(OR 1.42, 95% CI 1.13–1.79) and GINI/LISA South
(OR 1.69, 95% CI 1.19–2.41) but inversely associ-
ated in GINI/LISA North (OR 0.61, 95% 0.36–1.01)
and PIAMA (OR 0.67, 95% CI 0.47–0.95). Effect
estimates in CAPPS and SAGE were also conﬂict-
ing but not signiﬁcant (OR 0.63, 95% CI 0.32–1.24
and OR 1.31, 95% CI 0.81–2.12, respectively).20
In a population-based birth cohort of 65254
children, prenatal residential greenness exposure
measured by NDVI calculated for 100-m buffers
around residential postal codes showed a modest
effect on children with transient asthma. Nooutcomes. Lines indicate the investigated relation between
d in the current review.
Volume 13, No. 1, Month 2020 13associations on children with early or late onset
chronic asthma were found.21
A study on 2472 children from the INMA birth
cohort calculated mean NDVI values in 300-m
buffers around the place of residence at the time
of birth and at age 4 years. Differently from the
Mediterranean region, in the Euro-Siberian region,
higher residential surrounding greenness was
signiﬁcantly associated with a lower risk of
wheezing (adjusted odds ratio [aOR] 0.61, 95% CI
0.44–0.85) and increased risk of asthma (2nd tertile
vs 1st tertile: aOR 2.46, 95% CI 1.01–6.00). Besides,
the authors evaluated whether each child's resi-
dential address was located within 300 m of an
urban green space by means of the Urban Atlas
map developed by the European Environment
Agency in 2007. Residential proximity to green
spaces was negatively associated with wheezing in
subjects in the Euro-Siberian region (aOR 0.67,
95% CI 0.45–0.99) and with doctor-diagnosed
bronchitis among children in the Mediterranean
region (aOR 0.77, 95% CI 0.61–0.98).22
A later study included 15646 children partici-
pating in 4 European birth cohorts. No signiﬁcant
associations with the “outdoor-green environ-
mental score” (obtained from residential sur-
rounding greenness measured by NDVI and
neighborhood green land use measured by the
CORINE land-cover classes developed by the Eu-
ropean Environmental Agency) were found (OR
1.00, 95% CI 0.96–1.05 and OR 1.00, 95% CI 0.96–
1.05 for wheezing and bronchitis at1st year; OR
1.00, 95% CI 0.84–1.19 and OR 1.01, 95% CI 0.89–
1.15 for asthma and allergic rhinitis at 6–8 years).23Cross-sectional studies
The study by Lovasi et al., based on data from
5857 asthmatic children and 9891 children hospi-
talized for asthma found that an increase in tree
density of 1 standard deviation (SD, 343 trees/km2)
was associated with a lower prevalence of asthma
(RR, 0.71 per SD of tree density; 95% CI, 0.64 to
0.79), but not with hospitalizations for asthma
(RR, 0.89 per SD of tree density; 95% CI, 0.75 to
1.06).18
In a later cross-sectional study of a population-
based sample of 3178 schoolchildren, residential
surrounding greenness was measured as the
average of satellite-derived NDVI in buffers of100 m, 250 m, 500 m, and 1000 m around each
home address. Residential proximity to green
spaces was deﬁned as living within 300 m of a
forest or a park. An interquartile range increase in
residential surrounding greenness was not associ-
ated with current asthma, nor residential proximity
to forests, whereas living close to parks was asso-
ciated with a 60% higher relative prevalence of
current asthma. Current allergic rhinoconjunctivitis
was not associated with NDVI, but was positively
associated with residential proximity to a park or to
a forest, although none of the associations was
statistically signiﬁcant.24
In a more recent study conducted on 4447
children, the OR of asthma was 1.87 (95% CI 1.37
to 2.55) for children exposed to high trafﬁc vol-
umes living in areas with 0–20% green space
quantity. The association between heavy trafﬁc and
asthma resulted signiﬁcantly lower for participants
living in areas with over 40% greenspace coverage
(OR 0.32, 95% CI 0.12 to 0.84) measured through
the greenspace land-use metric.25 In another study
involving 360 children, surrounding green spaces
within 100, 200, 300 and 500 m from home
address were evaluated by means of NDVI. The
Authors found no correlation between
greenspace and children's lung function
measured by FOT26
A recent cross-sectional study aimed to investi-
gate the effect of greenness exposure on respira-
tory/allergic conditions and general symptoms in
219 schoolchildren. A very low exposure to NDVI
0.15 (1st quartile) was associated with a higher
odds of self-reported nasal symptoms (OR ¼ 1.47,
95% CI 1.07–2.03). The authors did not ﬁnd sig-
niﬁcant associations between greenness exposure
and ocular, pulmonary, and general symptoms.27
Finally, a cross-sectional study examined the
association between surrounding greenness
measured by NDVI within buffers of 100, 250 and
500 m of home address and parent-reported data
of 1915 children. A protective effect of greenness
within 100 m was observed for lifetime wheezing
(aOR, 0.82; 95% CI, 0.69–0.96). For all buffer dis-
tances, increased greenness was associated with
lower odds of lifetime asthma among children
currently exposed to Environmental Tobacco
Smoke (ETS) (100 m: aOR, 0.43; 95% CI, 0.22–0.87;
250 m: aOR, 0.39; 95% CI, 0.18–0.84; 500 m: aOR,
14 Ferrante et al. World Allergy Organization Journal (2020) 13:100096
http://doi.org/10.1016/j.waojou.2019.1000960.48; 95% CI, 0.26–0.90) and lower odds of current
dry nocturnal cough among children with perinatal
ETS exposure (100 m: aOR, 0.53; 95% CI, 0.31–
0.92; 250 m: aOR, 0.55; 95% CI, 0.31–0.98; 500 m:
aOR, 0.55; 95% CI, 0.35–0.87).28Intervention studies
In the current review we selected a single
intervention study involving 21 asthmatic children.
Changes in lung function evaluated by means of
spirometry were investigated before and after a
short-term forest trip. Findings supported that
forest trip may have beneﬁcial effects since the
mean forced vital capacity (FVC %predicted) was
signiﬁcantly increased after the forest trip
(95.8  13.3) than before (92.0  11.3) (p ¼ 0.018).
No signiﬁcant difference was observed in forced
expiratory volume in 1 s (FEV1% predicted)
(92.9  11.0 vs. 91.2  9.9) (p ¼ 0.224).29Case-control studies
The single case-control study included in this
review was conducted on 1489 children residing at
their current address since birth. Surrounding
greenness was measured as the average of the
NDVI within the buffers of 100, 300, and 500 m
from each child's home address, and the distance
to a park was deﬁned as the distance (m) to the
nearest city park. An increase in the NDVI
(>median) in buffers of 100, 300 and 500 m was
associated with a slightly increased risk of asthma,
while an IQR increase in NDVI-100 m signiﬁcantly
increased the risk of asthma (OR 1.43, 95% CI 1.10
to 1.85). The stratiﬁed analysis by surrounding
greenness to distinguish NDVI and park effect and
to assess their joint effect on the risk of asthma
suggested higher risk among children with higher
surrounding greenness (NDVI-100 > median) both
in those living close (adjusted OR 1.27, 95% CI
0.56 to 2.86) and further away from parks
(>1000 m) (OR 1.47, 95% CI 0.56 to 3.87),
compared to NDVI-100 median and distant from
a city park >1000 m; the risk of asthma increased
by 27% for children living at a distance 1000 m to
a park but increases were not statistically
signiﬁcant.30
Detailed characteristics of included studies are
shown in Supplementary material (Table S1).Interrelations between the exposure metrics and
the health outcomes are shown in Fig. 3. NDVI
resulted the exposure metric used for assessing
the effect of greenness on all of the health
outcomes considered in the fourteen studies
included in the current review.DISCUSSION
The current narrative review was aimed at
assessing the effect of exposure to residential ur-
ban greenness on allergic respiratory diseases in
youth. Overall, there is a suggestion of an associ-
ation between urban green in early life and the
occurrence of allergic respiratory diseases during
childhood, although the evidence is still inconsis-
tent. We selected 14 articles, different with regard
to study design, health outcomes, and method of
assessment of greenness exposure, which can
explain somewhat lack of consistency in the pub-
lished ﬁndings.
With special regard to asthma, which was the
most frequently assessed outcome in the studies
included in the current review, different effects
were found according to the different exposure
methodologies, even when the same exposure
metric was considered. Studies were different in
regard to the sample size, time windows of
greenness exposure, and age ranges. Four of the
selected studies were cross-sectional18,24,25,28
and covered different geographic regions such
Australia, Europe and USA. Studies were also
different with regard to the sample size and age
ranges, with 2 studies including both children
and adolescents.18,28 NDVI was the exposure
metric most commonly used; 2 studies based on
other greenness exposure measurements, such
as street tree density18 and green-space land-
cover.25 Notably, the study by Davdand et al.,
which evaluated greenness exposure by using
both NDVI and residential proximity to green
spaces, went to conﬂicting results. This could be
suggestive for some potential differences in the
living environment in terms of degree of
urbanity and/or air pollution levels, as well as to
differences in terms of quality of greenness.
Namely, a difference between forest and park
ﬂora and relative to composition of ambient
pollen concentrations and their allergenicity
could partly explain variations in the observed
Volume 13, No. 1, Month 2020 15ﬁndings.24 Moreover, these ﬁndings could be
ascribed to biological diversity within different
green areas, which has been suggested to
inﬂuence the pathogenesis of asthma through
the exposure to different microbial stimuli that
modulate the immune system.33 The single
case-control study included in this review re-
ported a signiﬁcant association between
increased NDVI and the risk of asthma, suggest-
ing that high exposure to greenness may increase
the risk of allergic conditions such asthma,
possibly through the related exposure to pollens.
Stronger associations were found in children
exposed to higher surrounding greenness than
for those living close to city parks and these re-
sults did not change after adjusting for other
variables, including ﬁne particulate matter and
nitrogen dioxide, suggesting that residential
greenness has an impact on children asthma
prevalence.30 On the contrary, Lovasi et al.
provided an assessment of the urban tree
canopy coverage using LiDAR. In this study the
measurement of greenness exposure primarily
included street trees and urban park/gardens.
However, this metric does not allow to
distinguish the importance of particular types of
vegetation, making not possible to determine
the speciﬁcity of the association at the level of
tree species.31 In general, uncertainty persists
over the appropriate scale for accurately
measuring greenness exposures. Nonetheless,
approaches combining large-scale NDVI or land
cover-based analysis with on-site mapping and
surveys may be most informative in unpacking the
relationship between greenness exposure and
respiratory health.13 With regard to study design,
we found 4 birth cohort studies covering 7
cohorts (mostly located in Europe).21–23,31 A
clear protective association of greenness with
asthma/wheezing has been observed in one of
the selected studies,28 whereas controversial
results were observed in the cross-sectional
study by Lovasi et al.,17 as well as in 1 of the
birth cohort studies.22 In a cross-sectional study,
a protective effect of greenness was found only in
children exposed to heavy trafﬁc.25 Conversely,
an increased risk of asthma was observed in the
birth cohort study by Lovasi et al.,31 and in the
case-control study by Andrusaityte et al.30 A
higher prevalence of current asthma was found
by Davdand et al. only in children living close toparks,24 whereas a modest effect on children
with transient asthma phenotype was observed
in the birth cohort study by Sbihi et al.21 Lastly,
no associations were reported with the
“outdoor-green environmental score” developed
by Tischer et al.23
Concerning lung function, the only intervention
study included in this narrative review showed a
signiﬁcant increase in FVC assessed by spirometry
after a short-term forest trip. Notably, no signiﬁcant
difference was observed in FEV1, probably
because most of the enrolled children had mild-to
moderate well-controlled asthma and their base-
line lung function was near normal.29 In another
Australian study on children living on the
outskirts of a heavy industrial area, surrounding
green spaces within 100, 200, 300 and 500 m
from home address were cross-sectionally evalu-
ated by means of NDVI. The Authors found no
correlation between green space and children's
lung function measured by FOT26
In regard to allergic rhinitis, we found 1 cross-
sectional study24 and 4 birth cohort
studies.19,20,22,23 Only 1 study investigated the
effect of greenness exposure on
rhinoconjunctivitis showing not association with
NDVI; residential proximity to a park or to a
forest increased the risk of this disease, although
none of the associations was statistically
signiﬁcant.24 The other studies assessed allergic
rhinitis. In particular, in the study by Fuertes et al.,
risk estimates for mean greenness in a 500 m
buffer around the 10-year home address were
elevated for doctor diagnosed allergic rhinitis in
GINI/LISA South, whereas estimates for GINI/LISA
North were signiﬁcantly lower than one.19 Later,
Fuertes et al. reported that greenness was
positively associated with allergic rhinitis in
BAMSE and in GINI/LISA South but inversely
associated in GINI/LISA North and in PIAMA.
Effect estimates in CAPPS and SAGE were also
conﬂicting but not signiﬁcant.20 Conversely,
Tischer et al., in 2 birth cohort studies did not
ﬁnd signiﬁcant association between NDVI/green
space and allergic rhinitis.22,23 Overall, despite
the relevant contribution of these ﬁndings to the
body of literature focusing on the effects of
urban greenness on respiratory health in children
and adolescents, it is hard to draw a conclusive
interpretation. Interestingly, even when many
16 Ferrante et al. World Allergy Organization Journal (2020) 13:100096
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of exposure assessment, geographic area, and
confounder control, were analyzed, ﬁndings were
discordant.20 This could be relative to residual
confounding by socio-economic status or to qual-
ity of greenspace.
About self-reported allergic symptoms, only 2
studies investigated the effect of greenness expo-
sure, using NDVI. In the birth cohort study by
Fuertes et al., elevated associations for eyes and
nose symptoms in the urban GINI/LISA South area
and signiﬁcantly below 1 in rural GINI/LISA North
area were found.19 In a recent cross-sectional
study conducted in Southern Italy on school-
children, a very low exposure to NDVI 0.15 (1st
quartile) was associated with a higher odds of self-
reported nasal symptoms. The authors did not ﬁnd
signiﬁcant associations between greenness expo-
sure and ocular, pulmonary and general symp-
toms.27 Although in both studies the same metric
of exposure was used (NDVI), a conclusive
interpretation cannot be drawn due the scant
number of available studies on this topic and to
the different study design.
In light of the available evidence, it is still un-
clear how much and what type of urban greenness
is needed to determine beneﬁt on respiratory
health of children and adolescents. At this pur-
pose, studies should be designed to provide
further information on type and quality of the
green space within the urban context. Further-
more, since exposure estimates are traditionally
assigned to the residential address, it may be of
interest to assign green space estimates to other
places where children spend most time of the day,
such as schools. Children within a cohort who
change residence could be suitable to study the
impact of greenness on respiratory health, allow-
ing estimates of longitudinal effects.34
Noteworthy, the effects of greenness exposure
on health should be adjusted for environmental
pollutants, which may inﬂuence the results;
notably, only four of the studies included in the
present review provided adjusted results for
these confounders.18,24,27,30 In our opinion, the
lack of the adjustment for pollutants may have
contributed to heterogeneous effects showed in
the current review. In addition, atopic status
should be considered as a complex condition
including allergic comorbities as well as aninteraction factor with both the greenness and
environmental exposures. Future research should
include a comprehensive assessment of different
pieces, such as climatic zone, seasonality,
meteorological and aerobiological data, as well
as indoor chemical and toxic elements mainly
derived from cigarette smoke.35
Overall, evidence on the impacts of urban
greenness on respiratory health in low- and mid-
dle- income countries is scanty, and the ﬁndings
obtained in high income countries might not be
generalizable due to socioeconomic and cultural
factors. Indeed, another factor that limits the
interpretation of the results obtained by the
different studies evaluated in the current review is
that these were conducted in different countries
with different urban development.16 This
highlights the inter-dependency between socio-
economic and environmental factors and the
health outcomes, emphasizing that the effect of
urban greenness on allergic respiratory health of
children and adolescents should be further inves-
tigated across longitudinal studies evaluating the
composition of green spaces, as well as air quality,
in different population groups.13 In particular,
variables related to deprivation, lower
socioeconomic status, and educational status
have been demonstrated to be negatively related
to health outcomes.36 There is also evidence
showing differential access to green spaces
among vulnerable groups, such as
socioeconomically disadvantaged or racial/ethnic
minorities. Green spaces are often unequally
distributed between white and racial/ethnic
minority communities, and limited amount of
green areas have been reported in the
socioeconomically deprived residential
areas.37,38 Racial/ethnic minorities travel longer
distances and visit less frequently green
spaces.39 Noteworthy, the presence of a nearby
park does not mean that people will use it for
recreation, especially in urban suburbs, where
collapsing park budgets coincided with general
declines in maintenance and use. Therefore, the
disadvantage in green space access on the poor
minorities deserves more research studies. A
group of particular interest may be racial/ethnic
minorities moving into cities, for whom there are
little data.
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The current review, aimed at qualitatively syn-
thesizing studies on residential urban greenness
and development of allergic and respiratory dis-
eases in childhood, showed inconsistencies in the
results mainly due to differences in study design,
population, exposure assessment, geographic re-
gion, and ascertainment of outcome. It is therefore
hard to draw a conclusive interpretation, so that
the understanding of the impact of greenness on
allergic respiratory diseases in children and ado-
lescents remains difﬁcult. Future studies should
focus on the gaps we identiﬁed in this review, as
well as on understanding the mechanisms under-
lying the complex relationship between urban
greenness and respiratory health. Furthermore, the
development of international consensus especially
targeted on objective measures of greenness
exposure is advisable in order to improve the
quality of study methodology in this ﬁeld of
research.Ethics approval and consent to participate
Not applicable.Consent for publication
Not applicable.Availability of data and material
Not applicable.Funding
No funding was applicable for the writing, submitting and
publication of this paper.Authors’ contributions
GF, FA, GC and MDS reviewed the data from the literature,
contributed to the concept development and wrote the
manuscript. PM and SLG were major contributors to the
critical revision of the manuscript and the intellectual
content within the paper. All authors read and approved
the ﬁnal manuscript.
Declaration of Competing Interest
The authors declare that they have no competing interests.Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.waojou.2019.100096.Author details
aDepartment of Health Promotion, Mother and Child Care,
Internal Medicine and Medical Specialties, University of
Palermo, via del Vespro 129, 90127, Palermo, Italy.
bDepartment of Epidemiology, Lazio Regional Health
Service, ASL Roma 1, Italy. cNational Research Council,
Institute for Research and Biomedical Innovation (IRIB), via
Ugo La Malfa 153, 90146, Palermo, Italy.REFERENCES
1. Sly PD, Carpenter DO, Van den Berg M, et al. Health
consequences of environmental exposures: causal thinking in
global environmental epidemiology. Annals of global health.
2016;82(1):3–9.
2. La Grutta S, Indinnimeo L, di Coste A, et al. Environmental risk
factors and lung diseases in children: from guidelines to health
effects. Early Hum Dev. 2013;89:S59–S62.
3.. La Grutta S, Ferrante G. The burden of pediatric asthma.
Frontiers in pediatrics. 2018;6:186.
4. Cibella F, Ferrante G, Cuttitta G, et al. The burden of rhinitis
and rhinoconjunctivitis in adolescents. Allergy, asthma &
immunology research. 2015;7(1):44–50.
5. Lai C, Beasley R, Crane J, Foliaki S, Shah J, Weiland S. Global
variation in the prevalence and severity of asthma symptoms:
phase three of the International Study of Asthma and Allergies
in Childhood (ISAAC). Thorax. 2009;64:476–483.
6. Strachan D, Sibbald B, Weiland S, et al. Worldwide variations in
prevalence of symptoms of allergic rhinoconjunctivitis in
children: the International Study of Asthma and Allergies in
Childhood (ISAAC).PediatrAllergy Immunol. 1997;8(4):161–168.
7. Kim J-H, Lee C, Olvera NE, Ellis CD. The role of landscape
spatial patterns on obesity in Hispanic children residing in
inner-city neighborhoods. J Phys Act Health. 2014;11(8):1449–
1457.
8. Sanders T, Feng X, Fahey PP, Lonsdale C, Astell-Burt T.
Greener neighbourhoods, slimmer children? Evidence from
4423 participants aged 6 to 13 years in the longitudinal study
of Australian children. Int J Obes. 2015;39(8):1224.
9. Markevych I, Schoierer J, Hartig T, et al. Exploring pathways
linking greenspace to health: theoretical and methodological
guidance. Environ Res. 2017;158:301–317.
10. World Health Organization. Don't Pollute My Future! the
Impact of the Environment on Children's Health. World Health
Organization; 2017.
11. Aerts R, Honnay O, Van Nieuwenhuyse A. Biodiversity and
human health: mechanisms and evidence of the positive
health effects of diversity in nature and green spaces. Br Med
Bull. 2018;127(1):5–22.
12. Manes F, Marando F, Capotorti G, et al. Regulating ecosystem
services of forests in ten Italian metropolitan cities: air quality
improvement by PM10 and O3 removal. Ecol Indicat. 2016;67:
425–440.
13. Kabisch N, van den Bosch M, Lafortezza R. The health beneﬁts
of nature-based solutions to urbanization challenges for
children and the elderly–A systematic review. Environ Res.
2017;159:362–373.
18 Ferrante et al. World Allergy Organization Journal (2020) 13:100096
http://doi.org/10.1016/j.waojou.2019.10009614. Chawla L. Beneﬁts of nature contact for children. J Plan Lit.
2015;30(4):433–452.
15. Lambert K, Bowatte G, Tham R, et al. Greenspace and atopic
sensitization in children and adolescents—a systematic review.
Int J Environ Res Public Health. 2018;15(11):2539.
16. Gascon M, Vrijheid M, Nieuwenhuijsen MJ. The built
environment and child health: an overview of current
evidence. Current environmental health reports. 2016;3(3):
250–257.
17. Lambert K, Bowatte G, Tham R, et al. Residential greenness
and allergic respiratory diseases in children and adolescents–A
systematic review and meta-analysis. Environ Res. 2017;159:
212–221.
18. Lovasi GS, Quinn JW, Neckerman KM, Perzanowski MS,
Rundle A. Children living in areas with more street trees have
lower prevalence of asthma. J Epidemiol Community Health.
2008;62(7):647–649.
19. Fuertes E, Butland BK, Anderson HR, et al. Childhood
intermittent and persistent rhinitis prevalence and climate and
vegetation: a global ecologic analysis. Ann Allergy Asthma
Immunol. 2014;113(4):386–392.
20. Fuertes E, Markevych I, Bowatte G, et al. Residential greenness
is differentially associated with childhood allergic rhinitis and
aeroallergen sensitization in seven birth cohorts. Allergy.
2016;71(10):1461–1471.
21. Sbihi H, Tamburic L, Koehoorn M, Brauer M. Greenness and
incident childhood asthma: a 10-year follow-up in a
population-based birth cohort. Am J Respir Crit Care Med.
2015;192(9):1131–1133.
22. Tischer C, Gascon M, Fernández-Somoano A, et al. Urban
green and grey space in relation to respiratory health in
children. Eur Respir J. 2017;49(6):1502112.
23. Tischer C, Dadvand P, Basagana X, et al. Urban upbringing
and childhood respiratory and allergic conditions: a multi-
country holistic study. Environ Res. 2018;161:276–283.
24. Dadvand P, Villanueva CM, Font-Ribera L, et al. Risks and
beneﬁts of green spaces for children: a cross-sectional study of
associations with sedentary behavior, obesity, asthma, and
allergy. Environ Health Perspect. 2014;122(12):1329.
25. Feng X, Astell-Burt T. Is neighborhood green space protective
against associations between child asthma, neighborhood
trafﬁc volume and perceived lack of area safety? Multilevel
analysis of 4447 Australian children. Int J Environ Res Public
Health. 2017;14(5):543.
26. Boeyen J, Callan AC, Blake D, et al. Investigating the
relationship between environmental factors and respiratory
health outcomes in school children using the forced oscillation
technique. Int J Hyg Environ Health. 2017;220(2):494–502.
27. Cilluffo G, Ferrante G, Fasola S, et al. Associations of
greenness, greyness and air pollution exposure with children's
health: a cross-sectional study in Southern Italy. Environ Health.
2018;17(1):86.
28. Eldeirawi K, Kunzweiler C, Zenk S, et al. Associations of urban
greenness with asthma and respiratory symptoms in Mexican
American children. Ann Allergy Asthma Immunol. 2019;122(3):
289–295.
29. Seo SC, Park SJ, Park C-W, Yoon WS, Choung JT, Yoo Y.
Clinical and immunological effects of a forest trip in childrenwith asthma and atopic dermatitis. Iran J Allergy, Asthma
Immunol. 2015:28–36.
30. Andrusaityte S, Grazuleviciene R, Kudzyte J, Bernotiene A,
Dedele A, Nieuwenhuijsen MJ. Associations between
neighbourhood greenness and asthma in preschool children
in Kaunas, Lithuania: a case–control study. BMJ open.
2016;6(4), e010341.
31. Lovasi GS, O'Neil-Dunne JP, Lu JW, et al. Urban tree canopy
and asthma, wheeze, rhinitis, and allergic sensitization to tree
pollen in a New York City birth cohort. Environ Health Perspect.
2013;121(4):494.
32. Weier J, Herring D. Measuring Vegetation (Ndvi & Evi); 2011.
Retrieved July 27th, 2017 from https://Earthobservatory.Nasa.
Gov/Features/MeasuringVegetation/.
33. van Tilburg Bernardes E, Arrieta M-C. Hygiene hypothesis in
asthma development: is hygiene to blame? Arch Med Res.
2017;48(8):717–726.
34. Nieuwenhuijsen MJ, Khreis H, Triguero-Mas M, Gascon M,
Dadvand P. Fifty shades of green. Epidemiology. 2017;28(1):
63–71.
35. Drago G, Perrino C, Canepari S, et al. Relationship between
domestic smoking and metals and rare earth elements
concentration in indoor PM2. 5. Environ Res. 2018;165:71–80.
36. Dadvand P, de Nazelle A, Figueras F, et al. Green space, health
inequality and pregnancy. Environ Int. 2012;40:110–115.
37. Boone CG, Buckley GL, Grove JM, Sister C. Parks and people:
an environmental justice inquiry in Baltimore, Maryland. Ann
Assoc Am Geogr. 2009;99(4):767–787.
38. Wolch J, Wilson JP, Fehrenbach J. Parks and park funding in
Los Angeles: an equity-mapping analysis. Urban Geogr.
2005;26(1):4–35.
39. Gobster PH. Managing urban parks for a racially and ethnically
diverse clientele. Leis Sci. 2002;24(2):143–159.
